Purpose To present an association between diabetic diffuse macular oedema and extrafoveal vitreous traction by optical coherence tomography (OCT). Methods In a retrospective study, charts and OCT scans of diabetic patients with macular oedema were reviewed. Eyes with either vitreofoveal or extrafoveal traction were included. Eyes that had vitreoretinal adherence with no sign of traction, idiopathic vitreomacular traction syndrome, or vitreoretinal surgery were excluded. Macular maps were compared with normal controls (n ¼ 12). Results Of the 186 eyes of 122 consecutive patients, 45 eyes (41 patients) were analyzed. Vitreofoveal traction was detected in 25 eyes (56%) and extrafoveal traction in 20 (44%), either at the retina (16; 35%) or at the optic nerve head (4; 9%). Of these 20 eyes, related extrafoveal retinal oedema was in continuum with the central macular oedema, manifesting as diffuse macular oedema, in 16 (36% of all 45) eyes. Vitreous adherence was detected by the centrally fixated Automatic 6-radial lines program in 26 eyes (58%): 5 (25%) of 20 with extrafoveal traction and 21 (84%) of 25 with vitreofoveal traction. In the other 19 (42%) eyes, the vitreous traction site was detected only by the Line group OCT-2000 program, which is manually controllable during the scanning process.
Introduction
Macular oedema secondary to diabetic retinopathy is often related to the breakdown of the inner blood-retina barrier and/or to an ischaemic insult. [1] [2] [3] [4] [5] Beneficial effects were found after focal laser photocoagulation for the treatment of clinically significant diabetic macular oedema (DME), 6 whereas grid laser treatment has limited results in eyes with diffuse DME. 7 Recent reports show that a temporary improvement of diffuse DME may be achieved by intravitreal or sub-Tenon's administration of triamcinolone acetonide [8] [9] [10] and/or intravitreal injection of vascular endothelial growth-factor inhibitor. 11, 12 Other factors, especially vitreofoveal traction, may result in macular oedema and affect its evolution. [13] [14] [15] In eyes with non-proliferative or proliferative diabetic retinopathy, it has been reported, using optical coherence tomography (OCT), that a vitreous traction at the optic nerve head (ONH) may result in diffuse oedema and/ or serous retinal detachment located between the ONH and the macula. 16 Pars plana vitrectomy (PPV) was found commonly beneficial in eyes with diffuse DME associated with vitreomacular traction. [17] [18] [19] The surgical outcome was variable in different studies if no vitreomacular traction was apparent. 14, 20 In such eyes, La Heij et al 21 found that surgical success was significantly better in eyes that had not had previous laser treatment(s) than in eyes that had undergone laser photocoagulation for DME. The authors partly related the reduced benefit of PPV in 'non-tractional' macular oedema in some of the previous studies to repeated laser applications and to greater endurance of the oedema before PPV took place. In none of the aforementioned studies on surgical outcome for DME was extrafoveal vitreous traction reported or ruled out.
To examine various macular abnormalities, such as macular oedema, the central Automatic 6-radial lines program of OCT-2000 (OCT-2) or the automatic Fast macular map program in Stratus OCT (OCT-3) is commonly used. Hee 22 notes that poor scan acquisition, for example, maladjustment of the OCT focus, might result in a 'degraded image' and in artifacts. In this study, we present OCT-2 findings in consecutive patients with DME, in which vitreous traction was detected at the central macula or at other sites at the posterior pole. Extrafoveal traction sites are illustrated to be commonly associated with diffuse macular oedema. As far as we are aware (search through Entrez Pubmed), except for vitreopapillary traction associated with diffuse macular oedema, 16 this was not previously reported.
Materials and methods
In a retrospective study, we reviewed the charts of consecutive patients of our OCT series, who had DME in the presence of either vitreofoveal or extrafoveal vitreous traction. As anatomical boundaries of the elevated oedematous macula cannot usually be precisely delineated, we designated vitreous traction at the central macula as 'vitreofoveal traction'. Vitreous traction away from the central elevated macula, either at the retina or at the ONH, was designated as 'extrafoveal traction'. Evidence of traction required the presence of vitreous adherence to the retina or to the ONH, associated with tissue elevation and deformity at the traction site. Exclusion criteria were eyes with idiopathic vitreomacular traction syndrome, eyes that had undergone vitreoretinal surgery, eyes with vitreoretinal adherence but without signs of traction, and eyes in which scans were not of a high enough quality for a proper diagnosis. On the basis of our normative data, as well as on other studies, fovea was considered oedematous when its thickness was 4200 m. [23] [24] [25] The 6-mm OCT macular maps were compared with agematched normal controls (n ¼ 12). Research was adhered to the tenets of the Declaration of Helsinki Institutional Ethics Committee approval was obtained.
After the clinical examination, the Automatic 6-radial lines program of the OCT (Humphrey Zeiss Inc., San Leandro, CA, USA) was directed towards the fixation point and was focused on the macula. (In this OCT-2, the six radial lines centred on the fovea are obtained individually, oriented 301 from one another, whereas the OCT-3 fast macular map program provides six scans rapidly obtained in a radial spoke pattern). This is routinely followed by the determination of the scan length and angle and site of examination using the Line group program, which the examiner controls manually by focus. If reflectivity of a vitreous strand or the posterior hyaloid, though without vitreous adherence, is detected in any of the six radial scans, a search by the Line group program is then initiated to the site where it is seen, at various angles and at various lengths (a shorter scan increases resolution), with frequent focus changes during the scanning process, to search for the vitreous traction point. The examination is completed using the Line group program throughout the field detected by the OCT video. The examination is usually discontinued upon detection of a vitreous traction site.
The OCT results were related to four subgroups, depending on the location of the vitreous traction: (I) 'vitreofoveal', at the central macula and (II) 'extrafoveal', which included either the, (a) papillomacular bundle (PMB) site, (b) the posterior pole elsewhere, that is, the vitreoretinal traction between the vascular arcades but away from the PMB, or (c) the ONH, that is, vitreopapillary traction (Table 1) . These subgroups were compared with regard to prevalence, whether the associated retinal oedema or subretinal fluid was in continuum with the macula, and the OCT program in which vitreous traction was confirmed. Statistical analysis between the vitreofoveal traction subgroup and the other three subgroups in relation to BCVA (calculations were made by Log-MAR) and foveal thickness was carried out using Student's t-test.
Results
A total of 186 eyes of 122 consecutive patients were examined between July 2004 and May 2008, and were found in our OCT diagnostic list to have proliferative or non-proliferative DME. Of them, 45 eyes (24%) of 41 patients were confirmed by OCT to be associated with vitreofoveal or extrafoveal vitreous traction (Table 1) . One eye with vitreoretinal attachment without signs of traction was excluded.
Extrafoveal vitreous traction was apparent in 20 of the 45 eyes (44%) eyes presented in the three aforementioned subgroups (Table 1) . In some eyes, there seemed to be a localized serous retinal detachment or schisis-like cleft at the point of the vitreous traction, in addition to the retinal oedema at that site (Figures 1 and 2 ). In each, the fluid at the traction site seemed to integrate with the adjoining diffuse oedema. Of the subgroups in which vitreous traction was detected, that is, at the PMB axis (n ¼ 9; Figure 1 ), at the 'posterior pole elsewhere' (n ¼ 7; Figure 2 ), and at the ONH (n ¼ 4; Figure 3 ), the adjoining retinal oedema was in continuum with the macular oedema in 7, 5, and 4 eyes, respectively. Altogether, direct continuation of the retinal oedema underlying or adjoining the extrafoveal vitreous traction site and that at the central macula was detected in 80% (16 of 20) of eyes with extrafoveal traction, or in 36% of all 45 eyes, each Percentage of eyes in the same subgroup. c In four additional eyes no association was verified between the oedema at traction site and macula oedema. manifesting as diffuse macular oedema (Table 1 and Figures 1-3 ). The Automatic 6-radial lines program detected extrafoveal vitreo-retinal traction sites in five of the 20 eyes (25%): in three eyes at the PMB axis and in two at the 'posterior pole elsewhere' ( Table 1 ). The Line group program enabled the detection of extrafoveal traction sites in the other 15 eyes (Tables 1 and 2 ).
Vitreofoveal traction was detected in the other 25 eyes (56%; Table 1 ). With the Automatic 6-radial lines program, diagnosis of vitreofoveal adherence was made in only 21 (84%) of these eyes, whereas it was indecisive in the other four eyes. Thereafter, only the Line group program confirmed vitreofoveal adherence and traction in these four eyes (see Supplementary Figure 4 online), Figure 2 and Supplementary Figure 4) . The site of these fractions, each located away from the retina, macula or the ONH, without adherence to these tissues, served as an indicator and landmark of the possible existence of a vitreo-traction membrane. Thereafter, the search by the Line group program was initially directed to their angle of location. Overall, the Line group program confirmed vitreous traction at the central macula in four eyes, which was not verified otherwise (Tables 1 and 2 ; Supplementary Figure 4 ), and at an extrafoveal site in 15 eyes (Figures 1-3) , which was not detected by the Automatic program. Although the OCT examination was usually discontinued when a traction point was found, in 3 of the 19 eyes (cases nos. 8, 12, and 18, Table 2 ), multifocal (2 or 3) attachment points were detected. In these eyes, the associated retinal oedema found in continuum with the macular oedema was the point of vitreous traction chosen for analysis.
The macular thickness in eyes with vitreofoveal traction was statistically significantly thicker than that in the eyes with vitreoretinal traction at the 'posterior pole elsewhere' or those with vitreopapillary traction (Table 1) .
Discussion
This study revealed that in eyes with DME associated with documented vitreous traction (n ¼ 45), the prevalence of extrafoveal vitreous traction (n ¼ 20; 44%) was a relatively common phenomenon. In eyes with extrafoveal traction, the related retinal oedema presented as diffuse macular oedema and was in continuum with the central macular oedema in 80% (n ¼ 16 of 20) of the eyes, or in 36% of all 45 eyes.
In a search for vitreoretinal adherence and traction, where the Automatic 6-radial lines scans crossed a vitreous membrane or the posterior hyaloid without detecting vitreoretinal adherence, often (16 of 19 eyes, BCVA, best-corrected visual acuity; ME, macular oedema; VT, vitreous traction; VT-ONH, vitreous traction at optic nerve head; VT-PMB, vitreous traction at papillomacular bundle; VT-PPE, vitreoretinal traction at the posterior pole elsewhere. a Each fellow eye had vitreomacular traction and oedema that was detected by the Automatic 6-radial lines program.
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Eye 84%) a part of it was detected. Its location was commonly used to help search for vitreous traction using the Line group program. However, for example, if a traction point at the PMB was in proximity to the ONH, and the vitreous strand was directed vertically (Figure 1 ), no signal of a vitreous strand would be apparent in any of the six radial scans, even if the scan passed at the same foveal-PMB axis, as it did not reach that point. Only another scan program, such as the manually controlled Line group (or maybe the Automatic Raster line program) could detect that point of adherence and traction.
The centrally fixated Automatic 6-radial lines program omitted 16% (4 of the 25) of eyes with vitreous traction at the central macula. This may be explained by the fact that the OCT-2 examination starts by manually focusing the OCT on the macula, and the Automatic 6-radial lines program is then initiated. Owing to the initial focus on the macula, in order to detect macular abnormalities and measurements, it is possible that thin vitreous strands, even if adhered to the oedematous macula, may be sometimes vaguely observed or not at all. In relevance, Hee 22 noted that maladjustment of the OCT focus might result in a 'degraded image' and artifacts. The repeated change of focus using the Line group OCT-2 program, directing it towards the vitreomacular interface or the posterior vitreous, as well as between the standard 301 of arc of the Automatic program, could explain the reason why the Line group program could confirm wavering vitreous traction at the fovea in only 16% of cases.
As a whole, the Automatic 6-radial lines program detected vitreous traction sites in only 58% (n ¼ 26) of the 45 eyes. Therefore, this program was not sufficient to provide a confident diagnosis of vitreous tractions at the sites scanned by the OCT in eyes with macular oedema. The Line group OCT-2 program, which is controlled manually, provided the other 42% confirmatory data, both on vitreofoveal and extrafoveal traction, at the retina or at the ONH.
Except for vitreopapillary traction, 16 earlier studies on DME without vitreomacular traction did not regularly mention or rule out extrafoveal traction. In that regard, reports on PPV outcome for eyes with macular oedema, without vitreomacular traction, are diverse. Several studies found PPV beneficial in such eyes with diffuse DME. 14, 20, 26 Few authors suggested that surgical success could be partly related to removal of growth factors associated with macular oedema from the vitreous site. 27 In contrast, other studies report that PPV would be beneficial only in eyes with macular oedema associated with vitreomacular traction, but not when macular traction was undetected. 20, 28 However, La Heij et al 21 found that functional surgical success is significantly better in eyes that had not had previous laser treatment(s) than in eyes that had undergone laser photocoagulation for DME. The authors suggest that in addition to the harmful, sometimes repeated, laser treatment for macular oedema, the associated delay until surgery may partly explain the surgical failure in these studies. Therefore, in eyes with diabetic diffuse macular oedema associated with extrafoveal traction, it would probably be of importance to study whether early PPV, rather than laser treatment or intravitreal administration of medication, could improve surgical outcome. In four (20%) of the 20 eyes in which extrafoveal vitreo-retinal traction sites were detected, no association between the underlying retinal oedema and the central macular oedema could be verified. This finding should be considered if a therapeutic agent is planned intravitreally. Arevalo et al 29 report that traction retinal detachment may occur or progress shortly after administration of intravitreal Bevacizumab, in patients with severe proliferative diabetic retinopathy. Honda et al 30 report on a premature newborn with retinopathy of prematurity, in which acute contraction of the proliferative membrane and aggravation of the retinal detachment occurred after intravitreal injection of Bevacizumab.
In the same four eyes with extrafoveal vitreous traction sites, in which we could not verify an association between the adjoining retinal oedema and the central macula, it may be possible that another undetected site of vitreous traction existed. Once a traction membrane was detected, the search for others was usually discontinued. In retrospect, other traction sites had to be searched, at least in these four eyes. In that regard, Gallemore et al 31 point out that two distinct vitreoretinal adhesion patterns may be identified with the 2D OCT, each associated with a partial separation of the posterior hyaloid face: focal and multifocal. Further studies will indicate whether the new generation 3D OCT 32 will detect vitreo-traction sites with higher confidence of accuracy and much faster than the 2D time-domain OCT.
Limitations of this study refer to its retrospective design, and the possibility that other undetectable vitreo-traction sites associated with DME were apparent. However, such a finding is not expected to change the study conclusions, but rather can even strengthen it. In summary, our study points to the fact that diffuse DME may be associated with extrafoveal vitreous traction. The centrally fixated 6-radial lines OCT program omitted definite detection in 16% of the vitreofoveal adherence and tractions, and detected only 58% of the vitreous traction sites overall. The other 42% of traction sites were detected only by the manually controlled OCT-2 Line group program. Further studies are required to validate the clinical consequence of these findings.
